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(54) MULTI-COLOR ORGANIC ELECTROLUMINESCENT ELEMENT AND 
METHOD FOR PRODUCING ELEMENT THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a multi-color organic EL element with a 
structure in which color mixing due to leaking luminescence is not caused even if 
a luminescent layer is formed by a mask evaporation method. 
SOLUTION: This multi-color organic EL element comprises a substrate 1, a 
plurality of stripe-like anodes 2 formed on the substrate at prescribed intervals 
from one another, a hole transporting layer 3 formed on the substrate 1 as to 
cover the anodes 2, a plurality of kinds of luminescent layers R, G, B with 
different band gaps formed in a prescribed order on the hole transporting layer 3 
in stripe-line shape corresponding to the anodes 2, and a plurality of stripe-like 



cathodes 4 formed on the luminescent layers R, G, B at prescribed intervals so 
as to intersect the anodes 2. In a plurality of neighboring luminescent layer R, G, 
B, ones with higher band gap enter between the layers with smaller band gap 
and the hole transporting layer 3. The recombination energy is moved to the 
luminescent layer with smaller band gap Eg to emit light and the rim parts of the 
neighboring luminescent layers which are turned in the hole transporting layer 3 
side do not emit light. 
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CLAIMS 
[Claim(s)] 

[Claim 1] A substrate, the anode plate formed on said substrate, and the hole 
transporting bed formed on said anode plate, Two or more kinds of luminous 
layers from which the band gap adjoined and formed on said hole transporting 
bed differs, The multicolor organic electroluminescent element to which it has 
the cathode formed on said luminous layer, and the larger one of the band gap 
of the luminous layer of a class is characterized by two or more said things 
[ having entered between said hole transporting beds the smaller one of a band 
gap ] which adjoin. 



[Claim 2] A substrate and two or more band-like anode plates formed at intervals 
of predetermined on said substrate, The hole transporting bed which covered 
said each anode plate and was formed on said substrate, and two or more kinds 
of luminous layers from which the band gap corresponding to said each anode 
plate formed in predetermined sequence on said hole transporting bed so that it 
might become beltlike differs, In the multicolor organic electroluminescent 
element which has two or more band-like cathode formed at intervals of 
predetermined on said luminous layer so that said anode plate might be 
intersected The multicolor organic, electroluminescent element to which the 
larger one of the band gap of the luminous layer of a class is characterized by 
two or more said things [ having entered between said hole transporting beds 
the smaller one of a band gap ] which adjoin. 

[Claim 3] Claim 1 which are two or more luminous layers chosen from the group 
which said two or more kinds from which a band gap differs of luminous layers 
become from the luminous layer which emits light blue, the luminous layer which 
emits light green, and the luminous layer which emits light in red or 2, and the 
multicolor organic electroluminescent element of a publication. 
[Claim 4] A substrate, the anode plate formed on said substrate, and the hole 
transporting bed formed on said anode plate, In the manufacture approach of a 
multicolor organic electroluminescent element of having two or more kinds of 



luminous layers from which the band gap adjoined and formed on said hole 
transporting bed differs, and the cathode formed on said luminous layer The 
manufacture approach of the multicolor organic electroluminescent element 
characterized by carrying out mask vacuum evaporationo from the large 
luminous layer of a band gap on said hole transporting bed at order. 
[Claim 5] A substrate and two or more band-like anode plates formed at intervals 
of predetermined on said substrate, The hole transporting bed which covered 
said each anode plate and was formed on said substrate, and two or more kinds 
of luminous layers from which the band gap corresponding to said each anode 
plate formed in predetermined sequence on said hole transporting bed so that it 
might become beltlike differs, In the manufacture approach of a multicolor 
organic electroluminescent element of having two or more band-like cathode 
formed at intervals of predetermined on said luminous layer so that said anode 
plate might be intersected The manufacture approach of the multicolor organic 
electroluminescent element characterized by carrying out mask vacuum 
evaporationo on said hole transporting bed from the large luminous layer of a 
band gap at order using the mask which has band-like opening. 
[Claim 6] Claim 4 which are two or more luminous layers chosen from the group 
which said two or more kinds from which a band gap differs of luminous layers 
become from the luminous layer which emits light blue, the luminous layer which 



emits light green, and the luminous layer which emits light in red or 5, and the 
manufacture approach of the multicolor organic electroluminescent element a 
publication. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the organic electroluminescence 
in which a multicolor display is possible, and its manufacture approach. 
[0002] 

[Description of the Prior Art] Organic electroluminescence (it is called an organic 
EL device below) is a display device which displays using bleedoff (fluorescence 
and phosphorescence) of the light at the time of having the structure whose thin 
film containing a fluorescence organic compound was pinched between cathode 
and an anode plate, generating an exciton (EKISHINTON) by making an 
electron and a hole pour in and recombine with said thin film, and this exciton 
deactivating. 

[0003] Structure as shown in drawing 3 in order to multicolor-ize the EL element 



which has the basic structure mentioned above for example, is proposed. In this 
EL element, the anode plate 101 of the translucency which is from ITO (Indium 
Tin Oxide) on the inner surface side of the glass substrate 100 which has 
translucency is formed by the predetermined pattern. On each anode plate 101, 
red, green, and the luminous layers R, G, and B that emit light in each blue color 
are formed, and the cathode 102 which consists of metals, such as Mg:Ag and 
aluminum:Li, is further formed on each luminous layers R, G, and B. Although 
not illustrated, such electrode structure is closed to the external world ambient 
atmosphere on the substrate 100 as- a whole. 

[0004] In said organic EL device, to luminous layers R, G, and B, an electron is 
poured in from cathode 102 and a hole is poured in from an anode plate 101. 
And as mentioned above, an exciton is generated by making an electron and a 
hole recombine. The display of the predetermined color specified by the band 
gap which changes in each luminous layers R and G and every B with bleedoffs 
of the light at the time of this exciton deactivating accomplishes. This 
luminescence display is observed from the outside of a substrate 100. 
[0005] 

[Problem(s) to be Solved by the Invention] In the production process in said 
organic EL device, since the organic film which forms a luminous layer 
decomposes easily bywater, a display pattern cannot be formed using the 



photolithography method including the process of water development. For this 
reason, the mask vacuum deposition using the mask which has opening 
corresponding to this pattern will be used for formation of the pattern of a 
luminous layer. Mask vacuum deposition is the approach of forming a mask and 
a substrate in a vacuum housing and vapor-depositing the matter by the 
predetermined opening pattern to a substrate side through this mask. 
[0006] However, in a vacuum housing, it is difficult for there to be no equipment 
for performing exact positioning of a mask and a substrate, and to form the 
display pattern of a luminous layer in a detailed pitch. 

[0007] Though the above-mentioned problem can be solved by carrying in a 
certain positioning means to have an automatic positioning function, in a vacuum 
housing, there are also the still more nearly following problems in mask vacuum 
deposition. That is, if it vapor-deposits through opening of a mask, in order to 
turn to the edge of a luminous layer where the matter of the luminous layer which 
passed opening spreads more greatly than opening, and adjoins, at the edge of 
a luminous layer, the luminous layer of different species will lap, and will be 
formed, and color mixture will occur at the time of luminescence. 
[0008] The problem of the surroundings lump in the mask vacuum deposition 
mentioned above is nonavoidable unless a mask and a substrate are stuck. 
However, there can be fear of the so-called cross contamination which damages 



the thin film (for example, hole transporting bed formed on an anode plate 
although not illustrated to drawing 3 ) formed in the substrate side, or the 
vacuum evaporationo matter adhering to a mask carries out [ fear ] the 
reattachment, and pollutes the approach of sticking a mask and a substrate, and 
cannot adopt it. For this reason, it is thought that a surroundings lump of the 
vacuum evaporationo matter in mask vacuum deposition is not avoided. 
[0009] Even if this invention forms a luminous layer with mask vacuum 
deposition, it aims at offering the approach of manufacturing the multicolor 
organic electroluminescent element of structure which does not produce the 
color mixture by leakage luminescence, and the starting EL element. 
[0010] 

[Means for Solving the Problem] The multicolor organic electroluminescent 
element indicated by claim 1 has a substrate 1, the anode plate 2 formed on said 
substrate 1, the hole transporting bed 3 formed on said anode plate 2, two or 
more kinds of luminous layers R, G, and B from which the band gap adjoined 
and formed on said hole transporting bed 3 differs, and the cathode 4 formed on 
said luminous layers R, G, and B. And it is characterized by having entered 
between said hole transporting beds 3 said one in [ two or more ] the luminous 
layers R, G, and B of a class where this invention adjoins and where the larger 
one of a band gap of a band gap is smaller. 



[001 1] The multicolor organic electroluminescent element indicated by claim 2 A 
substrate 1 and two or more band-like anode plates 2 formed at intervals of 
predetermined on said substrate 1, The hole transporting bed 3 which covered 
said each anode plate 2 and was formed on said substrate 1, Two or more kinds 
of luminous layers R, G, and B from which the band gap corresponding to said 
each anode plate 2 formed in predetermined sequence on said hole transporting 
bed 3 so that it might become beltlike differs, It has two or more band-like 
cathode 4 formed at intervals of predetermined on said luminous layers R, G, 
and B so that said anode plate 2 might be intersected. And this invention is 
characterized by having entered between said hole transporting beds 3 said 
adjoining one in [ two or more ] the luminous layers R, G, and B of a class where 
the larger one of a band gap of a band gap is smaller. 

[0012] The multicolor organic electroluminescent element indicated by claim 3 is 
characterized by being two or more luminous layers chosen from the group 
which said two or more kinds from which a band gap differs of luminous layers R, 
G, and B become from the luminous layer B which emits light blue, and the 
luminous layer G to which light is emitted green and the luminous layer R which 
emits light in red in claim 1 or 2, and the multicolor organic electroluminescent 
element of a publication. 

[0013] The manufacture approach of the multicolor organic electroluminescent 



element indicated by claim 4 A substrate 1, the anode plate 2 formed on said 
substrate 1, and the hole transporting bed 3 formed on said anode plate 2, Two 
or more kinds of luminous layers R, G, and B from which the band gap adjoined 
and formed on said hole transporting bed 3 differs, In the manufacture approach 
of a multicolor organic electroluminescent element of having the cathode 4 
formed on said luminous layers R, G, and B, it is characterized by carrying out 
mask vacuum evaporationo from the large luminous layer of a band gap on said 
hole transporting bed 3 at order. 

[0014] The manufacture approach of the multicolor organic electroluminescent 
element indicated by claim 5 A substrate 1 and two or more band-like anode 
plates 2 formed at intervals of predetermined on said substrate 1, The hole 
transporting bed 3 which covered said each anode plate 2 and was formed on 
said substrate 1, Two or more kinds of luminous layers R, G, and B from which 
the band gap corresponding to said each anode plate 2 formed in predetermined 
sequence on said hole transporting bed 3 so that it might become beltlike differs, 
In the manufacture approach of a multicolor organic electroluminescent element 
of having two or more band-like cathode 4 formed at intervals of predetermined 
on said luminous layers R, G, and B so that said anode plate 2 might be 
intersected It is characterized by carrying out mask vacuum evaporationo on 
said hole transporting bed 3 from the large luminous layer of a band gap at order 



using the mask which has band-like opening. 

[0015] The manufacture approach of the multicolor organic electroluminescent 
element indicated by claim 6 is characterized by being two or more luminous 
layers chosen from the group which said two or more kinds from which a band 
gap differs of luminous layers R, G, and B become from the luminous layer B 
which emits light blue, and the luminous layer G to which light is emitted green 
and the luminous layer R which emits light in red in the manufacture approach of 
claim 4 or 5, and the multicolor organic electroluminescent element a publication. 
[0016] 

[Embodiment of the Invention] The structure of the EL element of this example is 
explained with reference to drawing 1 . The anode plate 2 of two or more 
translucency which is from ITO (Indium Tin Oxide) on the inner surface side of 
the glass substrate 1 which has translucency is formed by the band-like pattern. 
Predetermined spacing is set and each anode plate 2 is arranged so that it may 
become parallel mutually. Each anode plate 2 is covered and the hole 
transporting bed 3 is formed on said substrate 1 . Abbreviation smoothness is 
made to the front face of the hole transporting bed 3, and blue, green, and the 
luminous layers B, G, and R that emit light in each red color are formed on this 
front face. Each luminous layer is formed in a band-like pattern, and it is 
arranged so that it may become said each anode plate 2 and abbreviation 



parallel in the location corresponding to each anode plate 2. Furthermore on 
each luminous layers B, G, and R, two or more cathode 4 which consists of 
metals, such as Mg:Ag and aluminum:Li, is formed by the band-like pattern 
along the direction which intersects perpendicularly with said anode plate 2. And 
although a graphic display is not carried out, laminated structures, such as 
organic film explained above and an electrode, are closed on the substrate 1 as 
a whole. 

[0017] In the organic EL device of this example, a dope mold luminous layer can 
be used as a luminous layer. If a dope mold luminous layer carries out ultralow 
volume (0.1-10-mol%) doping (mixing) of other organic substance fluorescence 
ingredients to a luminous layer and this is used for a luminous layer, its 
luminescence engine performance of an organic EL device will improve. In a 
dope mold luminous layer, energy transfer of the recombination condition 
(excitation state) in a luminous layer ingredient (host ingredient) is carried out to 
a doping ingredient, and luminescence from a doping ingredient is obtained. The 
effectiveness by this is as follows. 

[0018] (1) Even if the luminous layer ingredient is being fixed, the luminescent 
color of a doping ingredient proper can be obtained by carrying out various 
change of the doping ingredient. However, since energy transfer occurs, 
conversion by the side of short wavelength cannot be performed from a 



luminous layer ingredient (host ingredient). 

[0019] (2) Luminous efficiency and stability improve by separating the function of 
a luminous layer. With the component which has not doped, although a luminous 
layer needs to have all the engine performance of impregnation of a charge, 
migration, luminescence, and those stability, if a doping ingredient with the high 
effectiveness of energy transfer can be chosen, improvement in effectiveness 
and stability will be attained. 

[0020] In addition, in this example, the dope mold luminous layer is used about R 
(red) so that it may mention later ampng the luminous layers of RGB each of said 
color. 

[0021] in blue, green, and the luminous layers B, G, and R that emit light in each 
red color, it sees relatively, the luminous layer which emits light in blue (B) has 
the largest band gap, and then the thing with a large band gap is green it is the 
luminous layer which emits light to (G), and the luminous layer which emits light 
in red (R) has the smallest band gap. And it is formed in the condition of having 
entered between said hole transporting beds 3 said adjoining one where two or 
more luminous layers of a class have lapped at the edge, and the larger one of a 
band gap of a band gap is smaller, in this example. That is, the edge of the 
luminous layer which emits light in blue (B) turns to the bottom of the edge of the 
luminous layer which emits light in green (G). moreover, green - the edge of the 



luminous layer which emits light to (G) turns to the bottom of the edge of the 
luminous layer which emits light in red (R). 

[0022] In said organic EL device, to luminous layers R. G, and B, an electron is 
poured in from cathode 4 and a hole is poured in from an anode plate 2. And an 
exciton is generated by making an electron and a hole recombine. The display of 
the predetermined color specified by the band gap which changes for every 
luminous layer with bleedoffs of the light at the time of this exciton deactivating 
accomplishes. This luminescence display is observed from the outside of a 
substrate 1 . 

[0023] The luminous layer of the contiguity which turns between the edge of 
each luminous layer and the hole transporting bed 3 in the organic EL device of 
this example is a band gap Eg from the luminous layer which should emit light. It 
is large. For this reason, recombination energy is a band gap Eg. It moves to the 
small luminous layer side which should emit light, and the edge of the luminous 
layer of the contiguity which turns to the hole transporting bed 3 side (it is the 
bottom in drawing) does not emit light. 

[0024] In addition, although it is supposed that it is the luminescence field of 
dope mold organic electroluminescence a part by the side of the luminous layer 
of an organic layer interface (5nm or less) and it turns to a cathode 4 side, the 
luminous layer there does not emit light. 



[0025] Therefore, according to the organic EL device of this example, 0.15mm is 
satisfactory at all, and even if it narrowed spacing of the band-like anode plate 2 
which consists of ITO to 0.05mm, it was able to secure practically sufficient 
display grace. 

[0026] In order to manufacture the organic EL device of this example equipped 
with the luminous layer of said structure, the mask which has band-like opening 
of predetermined width of face is used. This mask may be separately used for 
manufacture of the luminous layer of each color, and may be used in common. 
The substrate 1 in which the anode plate 2 and the hole transporting bed 3 were 
formed, and said mask are set in a vacuum housing, predetermined spacing is 
positioned, and mask vacuum evaporationo is carried out in order from the large 
luminous layer of a band gap at said hole transporting bed 3 top. In this example, 
it vapor-deposits in order of blue (B), green (G), and red (R). Since 
predetermined spacing is between a mask and the hole transporting bed 3, the 
vacuum evaporationo matter is diffused rather than the magnitude of opening of 
a mask, and flies to a substrate 1 side. That is, the vacuum evaporationo matter 
arrives also at the shade of opening of a mask, or a surroundings lump and the 
adjoining location of a edge of a luminous layer. Thus, since mask vacuum 
deposition is adopted, a surroundings lump of the vacuum evaporationo matter 
is not avoided. However, at this example, it is a band gap Eg. What it turns 



around to the hole transporting bed 3 side at the edge of a luminous layer since 
membranes are formed to descending is a band gap Eg. It becomes a large 
luminous layer. For this reason, as mentioned above, there is no fear of leakage 
luminescence. Then, cathode 4 is vapor-deposited on each luminous layer. And 
the electrode of a laminated structure etc. is closed using a cathode side 
substrate, resin, etc. A closure part is penetrated airtightly and wiring from an 
anode plate 2 and cathode 4 is derived outside. 

[0027] As matter used for a luminous layer, the matter shown, for example in 
following chemical formula (** 1) - (** 4) can be used. (** 1) are aluminum 
20(OXZ) 4 and mu-oxo-JI [bis(2 -(2-benzoOKISAZOIRU)- phenolate) aluminum 
(III), and emit light blue. Band gap Eg It is 3.1 3eV. 



[0028] 
[Formula 1] 




[0029] (** 2) are Alq3 and tris (8-quinolinolato) aluminum (III), and emit light 
green. Band gap Eg It is 2.9eV. 
[0030] 
[Formula 2] 




[0031] (** 3) are an Alq3+DCM dope (one-mol%) and a 
4-(dicyanomethylene)-6-(p-dimethylaminostyryl)-2-methyl-4H-pyran, and emit 

light in red. Band gap Eg It is 2.08eV. 

[0032] 

[Formula 3] 



NC CN 




[0033] Although the luminous layer which emits light in each color of RGB was 
used in this example, the luminous layer which emits light in yellow according to 
the need for a display may be used. (** 4) are an Alq3+Rubrene dope 
(three-mol%) and rubrene, and emit light in yellow. Band gap Eg It is 2.2eV. 
[0034] 
[Formula 4] 



[0035] this invention person etc. finds out that a big difference arises by the 
sequence of membrane formation of the condition of leakage luminescence of 
the organic EL device obtained in them when forming and forming at a time red, 
green, and one color of luminous layers R, G, and B which have the fluorescent 
substance of each blue luminescent color band-like, shifting a common mask of 
each luminous layer, and came to accomplish this invention which makes the 
gestalt of said operation an example based on the result. 
[0036] As shown in drawing 2 , unlike this invention, membrane formation 
sequence of a luminous layer is not made into descending of a band gap Eg, but 
it is a band gap Eg to reverse. If it is small order, big leakage luminescence will 
arise especially in a blue (B) luminous layer. 

[0037] In this case, for this example, all the luminous layers of the contiguity 
which has leaked to reverse at the interface with the hole transporting bed 3 are 
band gaps Eg from the luminous layer which should emit light. It will become 
small. For this reason, recombination energy is a band gap Eg. Since it moves to 
the luminous layer of the small contiguity which has leaked and light is emitted 
with the luminous layer which should emit light, color mixture is started. 
Therefore, according to the experiment, spacing of the pattern of an anode plate 
2 could not be made small, but even if it made arrangement spacing of an anode 



plate 2 large with 0.5mm, it could not cancel, but this leakage luminescence had 
become the failure of detailed-izing of a display. This invention has canceled 
such inconvenience and a high definition full color display is possible for it. 
[0038] the example explained above - setting - as the luminescent color of a 
luminous layer - blue (B) - green - although (G) and three red (R) colors were 
explained - the luminous layer of the color of others [ this invention ] - it can be 
used also for distinguishing by different color with. Moreover, although said 
example showed the example which performs graphical display of multicolor 
with two or more band-like anode plates 2 and two or more band-like cathode 4 
which intersects perpendicularly with this, this invention is applicable also to a 
fixed pattern display with narrow spacing of the adjoining segment. 
[0039] 

[Effect of the Invention] According to this invention, in the organic EL device 
which comes to carry out the laminating of an anode plate, a hole transporting 
bed, two or more kinds of luminous layers, and the cathode, the larger one of the 
band gap of the luminous layer from which the class which adjoins differs has 
the structure of entering between hole transporting beds, the smaller one of a 
band gap. For this reason, according to this invention, the following 
effectiveness is acquired. 

[0040] 1) In a multicolor organic EL device, since a hole transporting bed will be 



damaged or it will become the cause of cross contamination if a mask is 
contacted to a hole transporting bed when forming a luminous layer with mask 
vacuum deposition, a surroundings lump of the vacuum evaporationo matter is 
unavoidable. However, according to this invention, even if an adjoining luminous 
layer turns to the edge of the luminous layer concerned, the luminous layer 
around which it turned does not carry out leakage luminescence. For this reason, 
the coating part injury of the detailed luminous layer by mask vacuum deposition 
is attained, and when it applies to graphical display, a high definition full color 
display is attained. 

[0041] 2] Since full color-ization using the fluorescent substance which emits 
light in each color is attained, and the utilization effectiveness of light is high as 
compared with the method which used the RGB filter for the white fluorescent 
substance, power consumption is stopped low. Moreover, a manufacturing cost 
is also held down low. 

[0042] 3] the luminous layer of colors other than 3 colors of B (blue), G (green), 
and R (red) which were illustrated it can be used also for distinguishing by 
different color with. 

[0043] 4] In addition to graphical display, this invention is applicable also to a 
fixed pattern display with narrow spacing of the adjoining segment. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing an example of the gestalt of 
operation of this invention. 

[Drawing 2] It is the sectional view showing the structure and the trouble of the 
example of a comparison. 

[Drawing 3] It is the sectional view showing an example of the structure of the 
conventional organic EL device. 
[Description of Notations] 

1 Substrate 

2 Anode Plate 

3 Hole Transporting Bed 

4 Cathode 

B, G, R Luminous layer 



